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Harinderjit S. Gill, BEng, DPhil, and David W. Murray, MA, MD, FRCS(Orth)
Investigation performed at Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences,
University of Oxford, Nuffield Orthopaedic Centre, Oxford, United Kingdom
Background: The adverse consequences of impingement, dislocation, and implant wear have stimulated increasing
interest in accurate component orientation in total hip arthroplasty and hip resurfacing. The aims of the present study were
to define femoral and acetabular orientation in a cohort of patients with primary hip osteoarthritis and to determine
whether the orientation of their native hip joints corresponded with established recommendations for implantation of
prosthetic components.
Methods: We retrospectively evaluated a consecutive series of 131 preoperative computed tomography (CT) scans of
patients with primary end-stage hip osteoarthritis (fifty-seven male and seventy-four female patients; mean age, sixty
years). Patients were positioned according to a standardized protocol. Accounting for pelvic tilt, three-dimensional ace-
tabular orientation was determined in the anatomical reference frame. Moreover, three-dimensional femoral version was
measured. Differences in native anatomy between male and female patients were assessed with use of nonparametric
tests. Native anatomy was evaluated with reference to the ‘‘safe zone’’ as described by Lewinnek et al. and to a ‘‘safe’’
combined anteversion of 20 to 40.
Results: In the entire cohort, the mean femoral anteversion was 13 and themean acetabular anteversion was 19. No
significant differences in femoral, acetabular, or combined (femoral and acetabular) anteversion were observed be-
tween male and female patients. The mean acetabular inclination was 62. There was no significant difference in
acetabular inclination between female and male patients. We did not observe a correlation among acetabular incli-
nation, acetabular anteversion, and femoral anteversion. Ninety-five percent (125) of the native acetabula were clas-
sified as being within the safe anteversion zone, whereas only 15% (nineteen) were classified as being within the safe
inclination zone. Combined anteversion was within the safe limits in 63% (eighty-three) of the patients. However, only
8% (ten) of the cases in the present cohort met the criteria of both ‘‘safe zone’’ definitions (that of Lewinnek et al. and
combined anteversion).
Conclusions: Acetabular anteversion of the osteoarthritic hip as defined by the native acetabular rim typically matches
the recommended component ‘‘targets’’ for cup insertion. There was no specific relationship among native acetabular
inclination, acetabular anteversion, and femoral anteversion. Neither native acetabular inclination nor native combined
anteversion appears to be related to current implant insertion targets.
Clinical Relevance: The present findings of native acetabular and femoral orientation in patients with primary hip oste-
oarthritis support intraoperative component positioning for total hip arthroplasty.
Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in
support of an aspect of this work. In addition, one or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months
prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written
in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to
influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the
online version of the article.
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T
he adverse consequences of dislocation, impingement,
and implant wear have stimulated recent interest in op-
timal component orientation in total hip arthroplasty1,2
and hip resurfacing3,4.
On the basis of radiographic analysis, Lewinnek et al.5
suggested a ‘‘safe zone’’ for the orientation of the acetabular
component, with a radiographic cup inclination of 40 (±10)
and cup anteversion of 15 (±10), to reduce the risk of dislo-
cation. Because both the acetabular and the femoral component
orientations determine the functional arc of hip motion, the
concept of a ‘‘safe’’ combined anteversion has been introduced6-8
to minimize the risk of impingement, dislocation, and wear. In
clinical practice, these two concepts have gained wide recognition.
However, the ranges for safe acetabular and femoral component
orientation remain controversial9, and it is not clear whether
native anatomy, such as the acetabular rim10, the transverse ace-
tabular ligament11, or the native femoral anteversion12, should be
used as guidance for the insertion of prosthetic components.
Several studies have described the variation in native ace-
tabular and femoral anatomy during the last three decades13-16.
However, most reported values are limited to either the femur or
the acetabulum and were obtained from cadaveric specimens or
computed tomography (CT) data of a limited number of indi-
viduals with nonarthritic hip joints. We are not aware of any
published studies on the native anatomy of the hip in patients
with end-stage hip osteoarthritis prior to arthroplasty surgery.
The objectives of the present study were to investigate the
variation in femoral and acetabular anatomy in a cohort of
patients with primary end-stage hip osteoarthritis and to de-
termine the extent to which osseous landmarks of the osteo-
arthritic hip can be used intraoperatively to guide component
orientation with reference to recommended target zones.
Materials and Methods
Study Cohort
We conducted a retrospective cohort study of a consecutive series of 218white patients who had undergone cementless total hip arthroplasty
from April to December 2009. All patients received a cementless custom-made
titanium femoral component
17
. The femoral stem was manufactured on the
basis of standardized preoperative CT scans of the affected hip.
Patients with a history of trauma (n = 3), infection (n = 2), rheumatic
disease (n = 8), hip dysplasia (n = 18), previous pelvic and/or femoral oste-
otomy (n = 13), osteonecrosis of the femoral head (n = 12), or Legg-Calve´-
Perthes disease or slipped capital femoral epiphysis (n = 5) were excluded from
the present study. Hip dysplasia was defined as a center-edge angle of <2018, an
acetabular angle of >4219, and/or an acetabular index of <38%20. In bilateral
cases, only the first hip to undergo total hip arthroplasty was included in the study
cohort. Twenty-six cases with inadequate radiographs or CT scans were also
excluded. One hundred and thirty-one patients (fifty-seven male and seventy-
four female; mean age, sixty years [range, forty-two to seventy-nine years]; mean
body mass index, 27 kg/m2 [range, 19 to 45 kg/m
2
]) (see Appendix) with primary
end-stage hip osteoarthritis fulfilled the inclusion criteria and were included in
the present study. Preoperative radiographs and CT scans were retrieved in ge-
neric DICOM (Digital Imaging and Communications in Medicine) format. All
patients had provided informed consent for the CT scan with the understanding
that the CT scan would be obtained to guide the manufacturing of the femoral
component but would not likely alter the planned treatment. The study was
approved by our institutional review board (reference S-272/2009).
CT Protocol
All hip CT scans were performed preoperatively with use of a Toshiba Aquilion
16 CT scanner (Toshiba, Tokyo, Japan). Patients were positioned supine with
their legs in neutral rotation as confirmed by scout views. The scans were
Fig. 1
CT-based model to determine acetabular orientation on five axial slices. COR = center of rotation.
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obtained in three sets: (1) from the cranial aspect of the acetabulum to below
the lesser trochanter, (2) from below the lesser trochanter to a point 50 mm
distal to the femoral isthmus, and (3) four to six slices of the knee. Slice spacings
of 4 mm, 8 mm, and 2 mm were used, respectively. All scans were recorded with
a gantry tilt of 0, 120 kV, and a field of view of 250 mm.
CT Measurements
A validated MATLAB (matrix laboratory) program (version 7.10; The Math-
Works, Natick, Massachusetts) was used to perform CT-based measurements.
The program enabled the user to select points from preselected axial CT slices
and performed vector-based calculations in the three-dimensional coordinate
system of the CT scanner.
To determine acetabular orientation, five CT slices were selected (Fig. 1).
Thirty points (six on each slice) defined the native lunate surface, ten points (two on
each slice) defined the acetabular rim, and thirty points (six on each slice) defined
the femoral head. A sphere was fitted to the outline of the subchondral plate of the
femoral head to determine the three-dimensional femoral head center and diam-
eter. Acetabular orientation was assessed by fitting a plane to the osseous vertices
along the rim, and a sphere was fitted to the subchondral plate of the native lunate
surface to represent the center of rotation. The diameter of the rim was calculated
with a best-fit circle fitted to the points on the vertices. Acetabular inclination and
version were defined by the relationship of the acetabular rim plane to the coor-
dinate system of the CT scanner
12
. To correct for the effects of pelvic tilt on
acetabular version for each individual case, the tilt of the anterior pelvic plane was
determined on lateral scout views as the plane between the midpoint of the anterior
aspect of both anterior superior iliac spines and the midpoint of the most anterior
aspect of the pubic tubercles
21
. Pelvic tilt was calculated as the angle between the
anterior pelvic plane and the coronal plane, with positive values representing pelvic
extension and negative values representing pelvic flexion. For each degree of tilt,
anatomical acetabular version values were corrected by 0.722,23.
For the calculation of femoral anteversion, the femoral neck axis was
defined with use of the single-slice method described by Sugano et al.
24
, and the
posterior condylar axis was defined by the most posterior aspect of the lateral
and medial condyles. The angle between the femoral neck axis and the posterior
condylar axis represented femoral anteversion (Fig. 2). Combined anteversion
of the hip was calculated as the sum of acetabular and femoral anteversion.
The standard deviation (SD) of the residuals for the sphere fits was
0.57 mm for the femoral head and 0.73 mm for the lunate surface. The SD
of the residuals for the plane fit to the rim was 1.92 mm.
Safe Zones
Native acetabular and femoral anatomy in the present cohort was assessed with
regard to the safe zone for acetabular orientation as described by Lewinnek et al.
5
(inclination of 40 ± 10 and anteversion of 15 ± 10). It is possible to measure
anteversion and inclination with use of three different reference frames: radio-
graphic, anatomical, and operative. Because the Lewinnek angles relate to the
radiographic reference frame and the combined angles relate to the anatomical
reference frame, it was necessary to convert the data to enable direct comparison.
The Lewinnek angles were converted to anatomical values with use of Murray’s
nomograms
25
, resulting in a mean anatomical inclination of 42.3 (range, 30.4 to
54.4) and a mean anatomical anteversion of 22.6 (range, 6.5 to 43.0).
Additionally, the native combined anatomical anteversion was eval-
uated with reference to a safe combined anatomical anteversion of 20 to 40.
Measurement Accuracy and Reliability
The measurement program was validated according to the following protocol.
A hemispheric three-dimensional cup geometry with a 56-mm diameter was
virtually implanted into a pelvis model that had been created by the segmen-
tation of CT scans. The cup was inserted at a range of angles (anteversion, from
25 to 25; inclination, from 35 to 65). Synthetic CTscans were created from
the three-dimensional pelvis model by sectioning the geometric model into
slices with a thickness of 2 mm, applying an attenuation algorithm. The syn-
thetic CT scans were then analyzed with use of the measurement software with
repeated measurements for cup diameter, version, and inclination.
Intraobserver and interobserver reliabilities of the measurements made
by two independent blinded observers for twenty randomly selected patients
were evaluated by using single-measure intraclass correlation coefficients with a
two-way random-effects model for absolute agreement.
Fig. 2
CT-based measurement of femoral anteversion as described by Sugano
et al.24.
TABLE I Measurements of Native Femoral and Acetabular Anatomy
Mean ± SD (Range) P Value for
Difference
Between Male
and Female
Cohort
(N = 131)
Male
(N = 57)
Female
(N = 74)
Femoral anteversion (deg) 13.3 ± 10.18 (26.7-56.8) 12.0 ± 8.25 (23.0-35.9) 14.3 ± 11.40 (26.7-56.8) 0.239
Head diameter (mm) 47.4 ± 4.78 (35.8-62.4) 51.2 ± 3.50 (45.1-62.4) 44.6 ± 3.49 (35.8-57.0) <0.001
Rim diameter (mm) 54.2 ± 5.17 (41.5-69.6) 57.9 ± 3.72 (50.9-69.6) 51.3 ± 4.21 (41.5-69.6) <0.001
Acetabular inclination (deg) 62.1 ± 7.46 (30.2-75.7) 62.0 ± 6.60 (37.1-75.7) 62.1 ± 8.11 (30.2-75.6) 0.573
Acetabular anteversion (deg) 19.3 ± 6.98 (0.7-35.1) 18.5 ± 7.10 (0.7-35.1) 19.9 ± 6.89 (4.3-33.2) 0.244
Pelvic tilt (deg) 7.7 ± 6.58 (213.0-26.6) 9.6 ± 6.32 (26.5-26.6) 6.22 ± 6.42 (213.0-17.2) 0.008
Combined anteversion (deg) 32.6 ± 12.08 (5.7-70.7) 30.5 ± 11.04 (5.7-51.7) 34.2 ± 12.66 (6.4-70.7) 0.146
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Statistical Analysis
For descriptive analysis, absolute mean values and differences were expressed in
millimeters or degrees and included SDs. The distributions of variables were
examined in exploratory data analysis and were tested for normality with use of
Kolmogorov-Smirnov tests. Because not all variables met the criteria for a
normal distribution, we used nonparametric tests. Differences in obtained
values between male and female patients were analyzed with use of Mann-
Whitney U tests for unpaired observations. A Spearman correlation coefficient
(rs) was used to evaluate associations among continuous variables. Results with
p values of <0.05 were considered significant. Statistical analysis was carried out
with use of PASW Statistics 18 (SPSS, Chicago, Illinois)
Source of Funding
Financial support was received from the nonprofit foundation ENDO-Stiftung,
Hamburg, Germany.
Results
Measurement Accuracy and Reliability
Repeated measurements of cup diameter of the virtual pelvismodel resulted in a mean error of 0.25 mm (SD, 0.62 mm) for
a 56-mm cup. The mean measurement error was 0.78 (SD, 0.66)
for cup version and 1.64 (SD, 1.44) for cup inclination. For CT-
based measurements, intraobserver intraclass correlation coefficients
ranged from 0.89 to 0.99 and interobserver intraclass correlation
coefficients, from 0.87 to 0.99. Pelvic tilt measurements demon-
strated intraclass correlation coefficients of 0.93 and 0.84, respectively.
CT Measurements
In the entire cohort, the mean femoral head diameter was 47 mm
(SD, 4.8 mm; range, 36 to 62 mm) and the mean acetabular rim
Fig. 3
Scatter plots illustrating no significant correlation between acetabular anteversion and acetabular inclination or femoral anteversion.
Fig. 4
Bar graphs illustrating the distribution of acetabular inclination, acetabular anteversion, and combined anteversion (all in degrees)with regard to the defined
safe zones (shaded areas).
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diameter was 54 mm (SD, 5.2 mm; range, 42 to 70 mm). The
mean femoral anteversion was 13 (SD, 10.2; range,27 to 57),
and the mean acetabular anteversion was 19 (SD, 7.0; range,
0.7 to 35). No differences in femoral anteversion, acetabular
anteversion, or combined anteversion were observed between
male and female patients (femoral anteversion, p = 0.239; ace-
tabular anteversion, p= 0.244; combined anteversion, p= 0.146).
The mean acetabular inclination was 62 (SD, 7.5; range, 30 to
76). There was no difference between acetabular inclination
between female and male patients (p = 0.573) (Table I).
We did not observe a correlation between native femoral
and acetabular anteversion (rs = 0.069, p = 0.437) or between
native acetabular inclination and anteversion (rs = 0.089, p =
0.313; Fig. 3). Pelvic tilt demonstrated a wide scatter and was
significantly higher in male patients (10) than in female pa-
tients (6, p = 0.008; Table I).
Safe Zones
Ninety-five percent (125) of the native acetabula were classified
as being within an anatomical anteversion of 6.5 to 43.0,
which corresponds to the radiographic anteversion target zone
of 15 ± 10 described by Lewinnek et al.5. In contrast, only 15%
(nineteen) of the native acetabula were classified as being within
an anatomical inclination of 30.4 to 54.4, which corresponds
to a radiographic inclination of 40 ± 10. Combined antever-
sion was within the safe limits of 20 to 40 in the anatomical
reference frame in 63% (eighty-three) of the patients (Fig. 4).
However, only 8% (ten) of the patients had native acetabular and
femoral orientation that met the criteria of both ‘‘safe zone’’
definitions (that of Lewinnek et al. and combined anteversion).
Discussion
Component orientation in total hip arthroplasty varies con-siderably by surgeon, with some advocating the reproduction
of native anatomy and others preferring to aim for a predefined
target zone. Consequently, a wide scatter of acetabular component
orientations has been reported in previous studies, with the per-
centage of cases within Lewinnek’s safe zone ranging from 25% to
80%26-28. The clinical relevance of Lewinnek’s safe zone remains a
matter of debate. Recently, Rittmeister and Callitsis9 reported that
dislocation was not more frequent when the component had been
placed outside the safe zone in a retrospective analysis of 500 total
hip arthroplasties. Another study showed that, for hip resurfac-
ings, the optimal radiographic target was approximately 45 of
inclination and 20 of anteversion. With the accuracy of im-
plantation assumed to be ±10 around this target position, the
incidence of pseudotumors in patients whose component had
been placed inside this zone was four times lower than it was in
patients with a component placed outside this zone3.
With regard to femoral component orientation, data are
very limited. Wines and McNicol29 reported that 71% of femoral
components were oriented within 10 to 30 of anteversion. Using
computer navigation, Dorr et al.1 found that 96% of femoral
components were within a combined anteversion of 25 to 45.
Although the concept of combined anteversion has been validated
in computer modeling7,8, its clinical relevance remains unclear
because no clinical study has yet demonstrated a significant effect
of combined anteversion on complication rates or implant sur-
vival after total hip arthroplasty. For hip resurfacing, Daniel et al.30
recently found that component positioning within the target
anteversion decreased the risk for developing a pseudotumor.
Whether native anatomy provides a valid intraoperative
reference for component positioning when the surgeon is
aiming for a defined target zone remains controversial. Some
studies have demonstrated that replication of native landmarks,
such as the transverse acetabular ligament, can be used to de-
termine intraoperative positioning of the acetabular compo-
nent11,31. In contrast, recent studies have raised questions about
the validity of using native anatomy as recommended land-
marks for component orientation10,12.
In the present study, we evaluated the variations in femoral
and acetabular anatomy in a cohort of patients with primary end-
stage hip osteoarthritis. Then we determined whether their native
femoral and acetabular anatomy corresponded to recognized
surgical recommendations for safe component orientation in
total hip arthroplasty—that is, Lewinnek’s ‘‘safe zone’’ and the
concept of safe combined anteversion. We found that the native
anatomy of the arthritic hip is highly variable, which confirms
previous findings, and the mean values for acetabular inclination
and version, femoral version, and combined anteversion in the
present study cohort compared well with the reported values in
the literature12-14. Although the values of acetabular and femoral
anteversion were slightly higher for the female patients, we did
not detect a significant difference in the distribution of the pa-
rameters between the sexes, which may be a result of the strict
exclusion criteria for all secondary forms of osteoarthritis and the
fact that accounting for pelvic tilt reduced differences in acetab-
ular version between male and female patients. The male patients
in the present cohort had substantially greater pelvic extension
than the female patients, which confirms findings in previous
reports32 and may be attributed to the more severe hip flexion
contractures seen in male patients.
The results of the present study indicate that reproducing
the native anatomy for acetabular inclination will result in
component inclination that is much greater than Lewinnek’s
‘‘safe zone’’ value. A reduction of native acetabular inclination by
15 during cup implantation while maintaining acetabular ver-
sion would have resulted in safe component inclination in 86%
(113) of the hips. In contrast, following the osseous landmarks of
the native acetabular rim would have resulted in accurate
component anteversion in 95% (125) of the cases. This obser-
vation is in line with the findings of Murtha et al.10. In addition,
63% (eighty-three) of the patients had a native combined an-
teversion within the defined ‘‘safe’’ limits. In the present study
cohort, we found neither an association between acetabular
version and inclination nor an association between acetabular
and femoral version. The lack of correlation between these pa-
rameters suggests that the native anatomy of the osteoarthritic
hip is highly variable and thus may be fundamentally different
from the placement requirements for a well-functioning artificial
joint. Whereas the osseous acetabular rim is of value to deter-
mine the anteversion of the cup intraoperatively with reference
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to Lewinnek’s target zone, native acetabular inclination and
combined anteversion cannot be considered reliable landmarks
because of the lack of correlation and the variability.
The present study has both strengths and limitations.
First, the target population consisted of patients with primary
end-stage hip osteoarthritis. The irregularity of the native rim
and the presence of arthritic osseous alterations may have af-
fected the measurements. We did not exclude specific regions
of the acetabulum that have been reported to deviate from
planar and spherical representations10. The presence of osteo-
arthritis and associated deformity such as osteophytes or coxa
profunda may have influenced the measurements and may
explain the relatively large residual values calculated for the
planar and spheric fits with regard to the lunate surface and
osseous acetabular rim. However, the points were selected at
the anterior and posterior vertices of the acetabular rim and the
subchondral outline of the lunate surface because these are
osseous landmarks that can be well visualized during surgery.
The landmarks could also be reliably identified on the CTscans,
as evidenced by the intraobserver and interobserver reliability of
the CT-based measurements. Moreover, strict exclusion criteria
were applied to exclude patients with secondary forms of oste-
oarthritis and underlying morphological abnormalities. Hence,
the present cohort can be considered to be representative of
patients undergoing total hip arthroplasty because the leading
reason for total hip arthroplasty is primary osteoarthritis33.
Over the last three decades, cadaver, radiographic, and CT-
based studies have demonstrated that the anatomy of the proxi-
mal part of the femur and the acetabulum is highly variable13-15.
However, there is a lack of studies on the native anatomy of pa-
tients with osteoarthritis of the hip joint who actually underwent
total hip arthroplasty and the native anatomy of patients with
osteoarthritis may be different from those of healthy individuals34.
Second, preoperative CTscans were performed for use in the
manufacturing of the cementless femoral component employed in
this cohort, and the CT protocol aimed to minimize radiation
exposure and metallic artifacts of a contralateral total hip arthro-
plasty. Thus, CT data were limited to the affected hip joint, and
geometric calculations could not be performed with reference to
the osseous coordinate system, such as the anterior pelvic plane. It
has been reported that orienting osseous landmarks in the direc-
tion of an external coordinate system is prone to error, mainly
because of the difficulty in controlling patient positioning and
pelvic tilt22. To account for this, we confirmed the patient position
in the scanner according to a standardized protocol and excluded
patients with pelvic obliquity or rotation. Additionally, we cor-
rected for effects of pelvic tilt by assessing differences between the
anterior pelvic plane and the coronal plane on lateral scout views.
Third, the three-dimensional models of acetabular orien-
tation and size were built by fitting a plane to the vertices of the
acetabular rim and a sphere to the native lunate surface. This may
have simplified the true three-dimensional acetabular anatomy.
The true native rim is irregular and has a waveform35; conse-
quently, each generated plane and the resulting acetabular orien-
tation is relative to exactly where and how many points are
measured. Thus, the generated plane is artificial and hence the
present model is potentially prone to measurement errors. We did
not perform any validation measurements in cadaveric specimens,
which would again pose the question of what true version and
inclination are. However, we have clearly demonstrated that the
implemented measurement protocol is able to accurately and re-
liably measure the predefined orientation of a virtual cup of known
inclination and version in synthetic CT scans of a pelvic model.
It is also evident that hips with end-stage osteoarthritis
have rim osteophytes. Intraoperatively, many surgeons trim
away osteophytes or at least resect any bone that clearly appears
vestigial. Although the native vertices of the anterior and pos-
terior aspects of the native rim could be reliably identified on the
CT scans used in our study, the individual judgment of the
osseous rim and of the extent of osteophytes are other factors
that may have led to potential inaccuracy and variability in the
values reported for the orientation of the native arthritic hip.
Last, the true axis of the femoral neck used to evaluate
three-dimensional femoral version can be determined only by
means of a three-dimensional reconstruction of the neck
portion, which was limited with the present CT protocol because
a 1-mm slice interval is required for this purpose. However, the
selected single-slice method chosen in the present study has
demonstrated sufficient accuracy for femoral anteversion mea-
surements when the slice chosen for determining the femoral
neck axis is just below the femoral head.
The data from the present study do not allow us to establish
the orientation of a healthy, nonarthritic hip joint and cannot
answer the question of whether we should replicate a physiologic
anatomy or aim for predefined target zones. Rather, the aim of the
study was to determine to what extent the osseous morphology of
the arthritic hip that we encounter during surgery may be useful
to guide intraoperative component placement.
In conclusion, the present study highlights the great vari-
ability in native acetabular and femoral anatomy in patients with
primary hip osteoarthritis. If individual patient anatomy had been
reconstructed in the total hip arthroplasties, only ten (8%) of the
cases in the present cohort with primary osteoarthritis would have
had component orientation that met the criteria of both ‘‘safe
zone’’ definitions. Acetabular anteversion in the osteoarthritic hip
as defined by the native acetabular rim typically matches the
recommended component targets for cup insertion. There was no
specific relationship among native acetabular inclination, ace-
tabular anteversion, and femoral anteversion. Neither native ac-
etabular inclination nor native combined anteversion appears to
be related to current implant insertion targets.
Appendix
A table showing patient demographic characteristics is
available with the online version of this article as a data
supplement at jbjs.org. n
Christian Merle, MD, MSc
Department of Orthopaedic and Trauma Surgery,
University Hospital Heidelberg,
e172(6)
TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G
VO LU M E 95-A d NU M B E R 22 d N O V E M B E R 20, 2013
NAT I V E AN AT O M Y V E R S U S SA F E CO M P O N E N T OR I E N TAT I O N
I N TO TA L HI P AR T H R O P L A S T Y F O R OS T E OA R T H R I T I S
Downloaded From: http://jbjs.org/ by a University of Bath User  on 12/17/2013
Schlierbacher Landstrasse 200 A,
69118 Heidelberg, Germany.
E-mail address: christian.merle@med.uni-heidelberg.de
George Grammatopoulos MD, DPhil
Wenzel Waldstein, MD
Elise Pegg, PhD
Hemant Pandit, MBBS(Bombay), MS(Orth), DNB(Orth),
FRCS(Orth), DPhil
David W. Murray, MA, MD, FRCS(Orth)
Nuffield Department of Orthopaedics,
Rheumatology and Musculoskeletal Sciences,
University of Oxford,
Nuffield Orthopaedic Centre,
Windmill Road, Oxford,
OX3 7HE, United Kingdom.
E-mail address for G. Grammatopoulos:
george.grammatopoulos@ndorms.ox.ac.uk.
E-mail address for W. Waldstein: wwaldstein@gmail.com.
E-mail address for E.C. Pegg: elise.pegg@ndorms.ox.ac.uk.
E-mail address for H. Pandit: hemant.pandit@ndorms.ox.ac.uk.
E-mail address for D.W. Murray: david.murray@ndorms.ox.ac.uk
Peter R. Aldinger, MD, PhD
Department of Orthopaedic Surgery,
Diakonieklinikum Stuttgart,
Rosenbergstrasse 38,
70176 Stuttgart, Germany.
E-mail address: peter.aldinger@diak-stuttgart.de
Harinderjit S. Gill, BEng, DPhil
Department of Mechanical Engineering,
University of Bath,
Claverton Down, Bath,
BA2 7AY, United Kingdom.
E-mail address: richie.gill@bath.ac.uk
References
1. Dorr LD, Malik A, Dastane M, Wan Z. Combined anteversion technique for total
hip arthroplasty. Clin Orthop Relat Res. 2009 Jan;467(1):119-27. Epub 2008 Nov 1.
2. Patel AB, Wagle RR, Usrey MM, Thompson MT, Incavo SJ, Noble PC. Guidelines
for implant placement to minimize impingement during activities of daily living after
total hip arthroplasty. J Arthroplasty. 2010 Dec;25(8):1275-81:e1. Epub 2009
Dec 21.
3. Grammatopoulos G, Pandit H, Glyn-Jones S, McLardy-Smith P, Gundle R, Whitwell
D, Gill HS, Murray DW. Optimal acetabular orientation for hip resurfacing. J Bone
Joint Surg Br. 2010 Aug;92(8):1072-8.
4. Langton DJ, Jameson SS, Joyce TJ, Webb J, Nargol AV. The effect of component
size and orientation on the concentrations of metal ions after resurfacing arthro-
plasty of the hip. J Bone Joint Surg Br. 2008 Sep;90(9):1143-51.
5. Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR. Dislocations after
total hip-replacement arthroplasties. J Bone Joint Surg Am. 1978Mar;60(2):217-20.
6. McKibbin B. Anatomical factors in the stability of the hip joint in the newborn.
J Bone Joint Surg Br. 1970 Feb;52(1):148-59.
7. Widmer KH, Zurfluh B. Compliant positioning of total hip components for optimal
range of motion. J Orthop Res. 2004 Jul;22(4):815-21.
8. Yoshimine F. The safe-zones for combined cup and neck anteversions that fulfill
the essential range of motion and their optimum combination in total hip replace-
ments. J Biomech. 2006;39(7):1315-23.
9. Rittmeister M, Callitsis C. Factors influencing cup orientation in 500 consecutive
total hip replacements. Clin Orthop Relat Res. 2006 Apr;445:192-6.
10. Murtha PE, Hafez MA, Jaramaz B, DiGioia AM 3rd. Variations in acetabular
anatomy with reference to total hip replacement. J Bone Joint Surg Br. 2008
Mar;90(3):308-13.
11. Archbold HA, Mockford B, Molloy D, McConway J, Ogonda L, Beverland D. The
transverse acetabular ligament: an aid to orientation of the acetabular component
during primary total hip replacement: a preliminary study of 1000 cases investigating
postoperative stability. J Bone Joint Surg Br. 2006 Jul;88(7):883-6.
12. Bargar WL, Jamali AA, Nejad AH. Femoral anteversion in THA and its lack of
correlation with native acetabular anteversion. Clin Orthop Relat Res. 2010
Feb;468(2):527-32. Epub 2009 Aug 28.
13. Noble PC, Alexander JW, Lindahl LJ, Yew DT, Granberry WM, Tullos HS. The
anatomic basis of femoral component design. Clin Orthop Relat Res. 1988
Oct;(235):148-65.
14. Maruyama M, Feinberg JR, Capello WN, D’Antonio JA. The Frank Stinchfield
Award: Morphologic features of the acetabulum and femur: anteversion angle and
implant positioning. Clin Orthop Relat Res. 2001 Dec;(393):52-65.
15. Unnanuntana A, Toogood P, Hart D, Cooperman D, Grant RE. Evaluation of
proximal femoral geometry using digital photographs. J Orthop Res. 2010
Nov;28(11):1399-404.
16. Perreira AC, Hunter JC, Laird T, Jamali AA. Multilevel measurement of acetab-
ular version using 3-D CT-generated models: implications for hip preservation sur-
gery. Clin Orthop Relat Res. 2011 Feb;469(2):552-61. Epub 2010 Sep 25.
17. Akbar M, Aldinger G, Krahmer K, Bruckner T, Aldinger PR. Custom stems for
femoral deformity in patients less than 40 years of age: 70 hips followed for an
average of 14 years. Acta Orthop. 2009 Aug;80(4):420-5.
18. Wiberg G. Studies on dysplastic acetabula and congenital subluxation of the
hip joint. Acta Chir Scand. 1939;83 Suppl 58:5-135.
19. Sharp IK. Acetabular dysplasia. The acetabular angle. J Bone Joint Surg Br.
1961 May;43(2):268-72.
20. Murphy SB, Ganz R, Mu¨ller ME. The prognosis in untreated dysplasia of the hip.
A study of radiographic factors that predict the outcome. J Bone Joint Surg Am. 1995
Jul;77(7):985-9.
21. Blondel B, Parratte S, Tropiano P, Pauly V, Aubaniac JM, Argenson JN. Pelvic tilt
measurement before and after total hip arthroplasty. Orthop Traumatol Surg Res.
2009 Dec;95(8):568-72.
22. Babisch JW, Layher F, Amiot LP. The rationale for tilt-adjusted acetabular cup
navigation. J Bone Joint Surg Am. 2008 Feb;90(2):357-65.
23. Lembeck B, Mueller O, Reize P, Wuelker N. Pelvic tilt makes acetabular cup
navigation inaccurate. Acta Orthop. 2005 Aug;76(4):517-23.
24. Sugano N, Noble PC, Kamaric E. A comparison of alternative methods of
measuring femoral anteversion. J Comput Assist Tomogr. 1998 Jul-Aug;22(4):
610-4.
25. Murray DW. The definition and measurement of acetabular orientation. J Bone
Joint Surg Br. 1993 Mar;75(2):228-32.
26. Saxler G, Marx A, Vandevelde D, Langlotz U, Tannast M, Wiese M, Michaelis U,
Kemper G, Gru¨tzner PA, Steffen R, von Knoch M, Holland-Letz T, Bernsmann K. The
accuracy of free-hand cup positioning—a CT based measurement of cup placement
in 105 total hip arthroplasties. Int Orthop. 2004 Aug;28(4):198-201. Epub 2004
May 15.
27. Callanan MC, Jarrett B, Bragdon CR, Zurakowski D, Rubash HE, Freiberg AA,
Malchau H. The John Charnley Award: Risk factors for cup malpositioning: quality
improvement through a joint registry at a tertiary hospital. Clin Orthop Relat Res.
2011 Feb;469(2):319-29.
28. Bosker BH, Verheyen CC, Horstmann WG, Tulp NJ. Poor accuracy of freehand
cup positioning during total hip arthroplasty. Arch Orthop Trauma Surg. 2007
Jul;127(5):375-9. Epub 2007 Feb 13.
29. Wines AP, McNicol D. Computed tomography measurement of the accuracy
of component version in total hip arthroplasty. J Arthroplasty. 2006 Aug;21(5):
696-701.
30. Daniel J, Ziaee H, Pradhan C, Pynsent P, McMinn D. Incidence and risk factors
for pseudotumours in a series of 3014metal-on-metal resurfacings. In: Transactions
of the Orthopaedic Research Society Vol. 35; 2010 Mar 6-9; New Orleans, LA.
31. Archbold HA, Slomczykowski M, Crone M, Eckman K, Jaramaz B, Beverland DE.
The relationship of the orientation of the transverse acetabular ligament and ace-
tabular labrum to the suggested safe zones of cup positioning in total hip arthro-
plasty. Hip Int. 2008 Jan-Mar;18(1):1-6.
32. Tannast M, Murphy SB, Langlotz F, Anderson SE, Siebenrock KA. Estimation
of pelvic tilt on anteroposterior x-rays—a comparison of six parameters. Skeletal
Radiol. 2006 Mar;35(3):149-55. Epub 2005 Dec 20.
33. Hailer NP, Garellick G, Ka¨rrholm J. Uncemented and cemented primary total
hip arthroplasty in the Swedish Hip Arthroplasty Register. Acta Orthop. 2010
Feb;81(1):34-41.
34. To¨nnis D, Heinecke A. Acetabular and femoral anteversion: relationship with
osteoarthritis of the hip. J Bone Joint Surg Am. 1999 Dec;81(12):1747-70.
35. Cobb J, Logishetty K, Davda K, Iranpour F. Cams and pincer impingement are
distinct, not mixed: the acetabular pathomorphology of femoroacetabular impinge-
ment. Clin Orthop Relat Res. 2010 Aug;468(8):2143-51. Epub 2010 Apr 30.
e172(7)
TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G
VO LU M E 95-A d NU M B E R 22 d N O V E M B E R 20, 2013
NAT I V E AN AT O M Y V E R S U S SA F E CO M P O N E N T OR I E N TAT I O N
I N TO TA L HI P AR T H R O P L A S T Y F O R OS T E OA R T H R I T I S
Downloaded From: http://jbjs.org/ by a University of Bath User  on 12/17/2013
